Purpose Spinal form in the sagittal plane and asymmetries of spinal alignment in the frontal plane were identified earlier to be associated with low back pain. This study was aiming at investigating whether age was influencing the significance of these findings. Methods Spinal alignment of 155 older and 58 younger low back pain patients was investigated using non-invasive video rasterstereography and compared to 192 pain free controls. Trunk inclination and imbalance, pelvis tilt and torsion, and the thoracic kyphosis and lumbar lordosis angle served as dependent variables, which were analyzed using multivariate procedures. Results Frontal plane parameters-trunk imbalance (k [ 0.60) in combination with pelvis tilt (k [ 0.64)-constituted an independent component in a factor analysis model of spine shape parameters in younger and older patients, but not in pain free controls. Trunk imbalance (frontal), trunk inclination (sagittal) and partially thoracic kyphosis angle (sagittal) were extracted to separate patients from controls (discriminant coefficients [0.50). Age could not be excluded as interfering variable for the lumbar lordosis angle. Significant univariate analyses revealed higher effect sizes for trunk imbalance and inclination (g 2 [ 0.07) than for lordosis, kyphosis or pelvic parameters (g 2 \ 0.06). Conclusions In line with corresponding findings trunk imbalance remained a low back pain-associated parameter not depending on age. Over all, sagittal trunk inclination and the thoracic kyphosis angle could not be established as being completely free from age influences, while the lumbar lordosis angle played a minor role and seemed to be influenced more by age than by low back pain in this rasterstereography study.
Introduction
In the past, beside psychosocial components and physical activity items, also anthropometric factors could be established to be influencing factors for the development of low back pain. Especially, frontal plane spinal asymmetries were identified to be a risk factor for low back pain syndromes [2] . When the most predictive factor for the development of low back pain-earlier back pain periods-could be controlled statistically, a flatter lumbar lordosis angle could be identified as a risk factor [1] ; mathematical modeling studies reported a tendency for a flatter lordosis angle in chronic low back pain patients, too [11] . Some radiological findings in adults confirmed a flatter lumbar lordosis to be associated with chronic low back pain [13] . However, controversy exists on this potential association [10, 15] , and-despite clinical relevance-specific X-ray patterns between acute and chronic low back pain patients could not be identified for the lumbosacral transition [17] . A limited reliability of radiographic examinations, intraindividual variations in repeated measurements as well as multifactorial and individual influences on the sagittal spinal alignment should be taken into account while judging those results [13] . Furthermore, univariate analyses based on back surface examinations reported inconclusive results for low back pain-associated spine shape parameters [12, 18] , although reliability of those methods was proved [8, 16, 20] . Multivariate approaches should probably be able to identify effects that could have been covered in univariate analyses by variable interdependencies.
Video rasterstereography provides an easy access to multivariate analysis procedures and is established as a valid method for a three-dimensional spinal form assessment [3] [4] [5] . Using video rasterstereography and multivariate analysis procedures, frontal plane (e.g., trunk imbalance and pelvis torsion) and sagittal plane (e.g., trunk inclination, lordosis angle) spine shape parameters could be identified to be associated with chronic low back pain in an adult population, ranging in age from 19 to 79 years [20] [21] [22] . In view of the corresponding literature, especially the sagittal plane parameters could have been affected by interfering influences of age [7, 9, 14, 19, 24] . The present investigation was aiming at separating age influences from low back pain-related spinal alignment deviations.
Materials and methods

Subjects
A total of 405 persons, low back pain patients (n = 213) and pain free controls (n = 192) could be recruited as volunteers (Table 1) having been explicitly informed about the investigation and the non-radiating character of physical examinations. Data were anonymized after the examination and analyzed for the purpose of a controlled crosssectional design.
Patients came from outpatient rehabilitation and could be included after clinical and radiographic examinations by an orthopedic physician, who qualified the complaints as chronic unspecific back pain (LBP) whenever no correlation with structural or organic signs could be established and when patients had suffered from low back pain for a time period of 6 months minimum. In fact, back pain history varied from 6 months to more than 9 years (average 8 months); and most of the patients had gone through several clinical treatment trials before. Specific signs, such as vertebral fractures, spinal surgery, or acute sciatic symptoms and especially spinal disorders affecting the spinal alignment, e.g., Morbus Bechterev, Morbus Scheuermann or severe scoliosis, were exclusion criteria.
The controls were included if there was no diagnosis dealing with back pain complaints, no serious back pain history for 2 years, and no back pain at all in the last 6 months. Prior to the beginning of data acquisition in the year 2006, a cut-off was fixed for a reference sample of controls for an age interval, where the influence of growth (minimum 18 years of age) or degeneration (maximum 40 years of age) was supposed to be minimized [21] . In fact, age was ranging between 18 and 39 years within the controls. According to the purpose of this study, LBP patients were divided into a sample of under-40-year olds, ranging from 19 to 40 years (LBP under 40, n = 58) and a sample of patients older than 40 years (LBP over 40, n = 155), ranging from 41 to 79 years.
While there were no significant differences between younger male controls and patients in age or anthropometric data, we found significant differences between younger female controls and younger female patients: the controls were about 4.5 years younger (P = 0.005), their weight Values are in mean ± SD BMI body mass index, SD standard deviation, n sample size was about 5 kg less (P = 0.001), and their body mass index was about 1 kg/m 2 less (P = 0.000), too (Table 1) .
Equipment
Spine shape parameters were calculated by means of video rasterstereography (Formetric Ò -System, Diers International, Schlangenbad, Germany), a non-radiating device for indirect and high resolution back shape reconstruction (reconstruction error 0.2-0.5 mm; resolution 10 pts/cm 2 ) [5] . Reproducibility of back shape reconstruction was proved earlier [8, 16, 20] . Reliability coefficients for the spine shape parameters were ranging from 0.99 to 0.69 (Table 2) .
Specific back surface landmarks-like the vertebra prominens (VP), the beginning of the rima ani representing the sacrum point (SP), and the right and left lumbar dimple (DR, resp. DL) representing the position of spinae iliaca posterior superior (SIPS) of the pelvis bones-were recognized automatically to build up a Cartesian coordinate system. This coordinate system served as calibration reference frame for a three-dimensional surface reconstruction using triangulation equations that insured a valid correlation between back shape reconstruction and radiographic assessments of the anatomy of spine and pelvis [3, 4] . For a better understanding of geometry and corresponding anatomical landmarks, spine shape parameters were illustrated in an animation (Fig. 1 ).
Statistics
Data were described as mean ± standard deviation (SD). Normal distribution was proved (Kolmogorov-Smirnov test). Pelvis inclination, thoracic kyphosis and lumbar lordosis angles were normally distributed over all subsamples, whereas trunk inclination, trunk imbalance, pelvis tilt and pelvis torsion were not normally distributed in all subsamples, due to the rectification of right (?) and left side (-) deviations of the symmetry line.
Factor analyses (principle components extraction, Kaiser normalization with varimax rotation) were conducted to identify almost independent factors describing the structure of spinal alignment by means of loading coefficients (k) higher than 0.60. Discriminant analyses (independent variables entered together) were calculated to reveal spine shape parameters being able to separate samples from one another by means of standardized canonical discriminant coefficients higher than 0.50. Univariate analyses of variance were calculated, referring to an illustration of the samples' spine shape parameter profiles (Fig. 2) . Significance was accepted for P values B0.05. P values B0.10 assigned a statistical tendency.
Results
Factor analysis
For the pain free controls, three components could be extracted explaining 65 % of the total of the variance. The first factor described the sagittal plane, determined by trunk inclination (k = -0.69), thoracic kyphosis angle (k = 0.74) and lumbar lordosis angle (k = 0.74). The second component described the pelvis position determined by pelvis tilt (k = 0.82) and pelvis torsion (k = 0.77). The third component was determined by trunk imbalance (k = 0.96) describing the upper body orientation in the frontal plane (Table 3) .
For younger and older low back pain patients, only two independent components were extracted explaining 47 and 50 % of the total of the variance, respectively. The first component described the sagittal plane by means of the thoracic kyphosis angle (LBP under 40: k = 0.78, LBP over 40: k = 0.88) and the lumbar lordosis angle (LBP under 40: k = 0.82, LBP over 40: k = 0.82), comparable to the pain free controls, while trunk inclination was no longer part of this independent component. The second component described the upper body orientation in the Table 2 Spine shape parameters, shortcuts with intraclass correlation coefficient (ICC), and a description of anatomy and corresponding geometry (Table 3) .
Discriminant analysis
The samples of the controls and the younger patients-of similar age-could be separated correctly for 69.4 % of the grouped cases (canonical correlation 0.332, Wilks' Lambda 0.890, P = 0.000) by means of trunk inclination, trunk imbalance and thoracic kyphosis angle (discriminant coefficients [0.50). The samples of the controls and the older patients-of different age-could be separated correctly for 68.7 % of the grouped cases (canonical correlation 0.420, Wilks' Lambda 0.824, P = 0.000) by means of trunk inclination and trunk imbalance (discriminant coefficients [0.50). The samples of the younger patients and the older patients could be separated correctly for 64.8 % of the grouped cases (canonical correlation 0.293, Wilks' Tr_inc trunk inclination (mm), Tr_imb trunk imbalance (mm), P_tilt pelvis tilt (mm), P_tors pelvis torsion (°), KA kyphosis angle (°), LA lordosis angle (°), n.s.P [ 0.05, (t) P B 0.10, *P B 0.05, **P B 0.01, ***P B 0.001
Lambda 0.914, P = 0.005) by means of the thoracic kyphosis angle, meaning that trunk imbalance and trunk inclination were extracted as low back pain indicators not depending on age, whereas the thoracic angle indicated low back pain in case of a flatter kyphosis (discriminant coefficient -0.66) for younger people, and age within the patients being determined by a rounder thoracic spine (discriminant coefficient 0.79) ( Table 4) .
Univariate analyses
Video rasterstereography spine shape parameters were illustrated as a spinal profile for pain free controls and low back patients of different age (Fig. 2) . Corresponding univariate analyses revealed significant differences between the subsamples regardless of variable interdependencies. For two spine shape parameters, there was a higher effect size: trunk imbalance (F = 18.925, P = 0.000, g 2 = 0.086) and trunk inclination (F = 15.495, P = 0.000, g 2 = 0.072). For pelvis torsion, thoracic kyphosis, and lumbar lordosis (males), F values were significant (P \ 0.01), but effect size was \0.06 (Table 5 ):
• Trunk inclination: significantly lower for controls compared to older patients (P = 0.017) and younger patients (P = 0.000), no significance within the patients (P = 0.786).
• Trunk imbalance: significantly less for controls compared to older patients (P = 0.000) and less (statistical tendency) compared to younger patients (P = 0.066), no significance within the patients (P = 0.117).
• Pelvis torsion: significantly less only for controls compared to older patients (P = 0.008).
• Kyphosis angle: significantly flatter for the younger patients compared to controls (P = 0.004) and older patients (P = 0.004).
• Lordosis angle: significantly flatter only for the older male patients compared to the male controls (P = 0.013).
Discussion
Earlier investigations identified frontal plane asymmetries to be associated with unspecific LBP using multivariate analyses [20] [21] [22] . The target of the present investigation was to determine the role of age for this topic, although age should not be considered to be the sole factor for spinal degeneration [6] . So far frontal plane parameters have not been assumed to be depending on age [7, 9, 14, 19, 24] . In factor analyses, we found rotated component models that were comparable within the patients' subsamples, but different from the controls. Younger patients as well as older ones showed a component where trunk imbalance was no longer an independent factor describing the frontal plane, but was combined with pelvis tilt affecting the frontal plane deviation (Table 3) . Trunk imbalance could also be extracted as a frontal plane parameter, discriminating pain free controls from younger as well as from older LBP patients (Table 4) . These results were probably Independent variables entered together, discriminant coefficients C0.50 in italics Eur Spine J (2013) 22:1979-1985 1983 not affected by age-related side effects, although significance failed by 1.6 % for the comparison of controls and younger patients in a univariate analysis (Table 5 ). This result was in line with findings that revealed frontal plane asymmetries as risk factor for the development of low back pain [1, 2] . In terms of our rasterstereography spinal form assessment, sagittal plane spine shape parameters could not be exposed clearly by multivariate factor analysis procedures as LBP indicating variables, but in discriminant analyses sagittal plane parameters were extracted as variables being able to separate controls from LBP patients of different age (Table 4) . Trunk inclination could be assumed to indicate LBP without age-related side effects, but the other sagittal plane parameters might be depending on age as well as on low back pain, as the lumbar lordosis was flatter only in the sample of the older male patients, and the thoracic kyphosis was flatter only in the sample of the LBP patients under 40 years of age, while older patients had a rounder thoracic spine than younger patients (Table 5) .
So, age influences in the sagittal plane were apparent on the one hand in this study of LBP patients showing no structural or organic back pain correlates, which were in line with corresponding investigations that found different modes of systematic age-related spine shape changes depending on the pelvic position type. In case of incongruent relations between pelvis inclination and lumbar lordosis angle, increases of thoracic angles could be observed in the time course of aging, meaning a rounder kyphosis [14] . Comparable findings could be established for age-related decreases of the lumbar angle, meaning a flatter lordosis [7, 24] . On the other hand, there might be an assessment-related influence, especially affecting our results of lumbar lordosis angles. Recent research, using Table 5 Descriptions and results of a 1-way ANOVA for the subsamples of the controls (n = 192) and the LBP patients under 40 (n = 58) and over 40 years of age (n = 155) and separately in the lumbar lordosis angle for males (CON n = 113, LBP under 40 n = 27, LBP over 40 n = 57) and females (CON n = 79, LBP under 40 n = 31, LBP over 40 n = 98) lateral photography with manually placed markers on bony structures and no X-ray imaging, revealed a more neutral sagittal curvature as being correlated with less pain [23] . Maybe, interindividually varying soft tissue thicknessespecially fat and muscles in the lumbar back regionpartially covered specific bony spinal alignment patterns in the indirect spine shape reconstruction based on surface topography, although rasterstereography was validated in terms of X-ray comparisons [3] [4] [5] . This could possibly explain why we did not find systematic effects for a flatter lordosis in younger patients comparable to radiological studies [1, 13] .
Conclusions
Using video rasterstereography and multivariate analysis procedures, we found low back pain-associated spine shape parameters in the frontal plane, which was consistent with findings considering frontal plane asymmetries to be risk factors for the development of low back pain [1, 2] . Parameters of the sagittal plane were extracted as being associated with low back pain, too. But with respect to the literature and inconsistency of different multivariate analysis approaches, those parameters also might to some extent be affected by aging and degeneration [7, 9, 14, 19, 24] . Despite assessment-specific limitations for the lumbosacral transition and despite a missing subsample of older controls, due to the inclusion criterion set prior to the investigation, we conclude that frontal plane trunk imbalance remains a low back pain indicator irrespective of age, while it was not possible to tell if it is the cause or a symptom of unspecific low back pain complaints.
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